Abstract -Tobacco mosaic virus has been covalently conjugated with 500 -600 molecules of different hormones. The particles react with antisera against the hormones and with hormone receptors in target organs, on target cells, and on membrane vesicles. The compounds were used for cooperative affinity labelling and for the isolation of receptor-bearing vesicles. The binding of a tobacco mosaic virus/angiotensin II conjugate to adrenal cortex membrane vesicles was studied by dynamic light scattering and transient electric birefringence. Despite the complexity of the polydisperse systems and the fact that the membrane vesicles exhibit a Kerr effect and depolarize the light, methods were developed that allowed the observation and theoretical treatment of the effects due to specific binding.
INTRODUCTION
Tobacco mosaic virus (TMV) is an easily accessible, crystalline nucleoprotein with a molecular weight of about 40,000,000 Daltons. The virus particle is a hollow cylinder (diameter 180 , length 3,000 ) consisting of a ribonucleic acid genome and a capsid of 2,130 identical polypeptide capsomers. The s-amino groups of the lysine residues No. 68 of each capsomer are the only amino groups available for substitution in the intact virus (for a recent review of TMV structure and chemistry, see Ref. 1 ).
In order to study hormone-receptor interactions, to localize hormone receptors, and to facilitate receptor isolation, we have prepared covalent conjugates between TMV and hormones.
About 500 -600 amino groups per virus particle were substituted with mercaptopropionic acid and the introduced mercapto groups reacted with biologically active derivatives of bromoacetyl a-melanotropin and c-maleiimidohexanoyl angiotensin II to produce 'TMV-S-hormon&
The compounds were biologically active, were aggregated by hormone antisera, and strongly bound by receptor-bearing membrane vesicles from target organs. The latter reaction allowed the separation of TMV-S-hormone/vesicle aggregates from unreacted virus particles and vesicles by density gradient centrifugation (Ref. 3) . All of the observations suggested an especially strong, specific association between THy-S-hormone and receptors on the plasma membrane.
We have interpreted this phenomenon as possibly arising from cooperative affinity actions (Ref. 2 & 3) . A rough calculation shows that the TMV-hormone particle is large enough to cover a cell surface area that might contain between about 1 and 5 receptors. The hormone molecules attached to a single virus would then be able to react simultaneously with more than one receptor, resulting in a potentiation of the over-all association constant. (The situation is that of a polyvalent ligand reacting with a polyvalent acceptor.)
The physical studies reported here in a preliminary manner support this view. 
DYNAMIC LIGHT SCATTERING
Our original expectations of the system TMV-S-ANG'/VESICLES were: (i) Vesicles as roughly spherical particles will not depolarize the incident light. (ii) The rotationalFdiffuion constants of 'free' and 'bound' virus particles should be markedly different (DR > DR). Hence, the titration of TMV-S-ANG' with VESICLES should cause the appearance of a 'slow' component in the intensity autocorrelation function. However, it was found that vesicles do depolarize light and that our TMV, especially TMV-S-ANG' preparations, already contain about 25 % of a 'slow' component ( 
From the fitted curve parameters of (1), the rotatory diffusion constants were calculated according to equations (2) and (3). They correspond to unaggregated TMV (Dj = 287 s, Because VESICLES also depolarize the incident light and because their rotational diffusion constants are so close to those of the slow components of TMV and TMV-S-ANG', it was impossible to devise an experiment that would 'see' only the virus particles. It was therefore decided to use the intensity decrease of the 'fast' virus component as a measure for binding. In the actua experiments, increasing amounts of VESICLES were admixed to TMV and TMV-S-ANG', and B3/B3 (ratio of the relative amplitude of the 'fast' component with VESICLES to the relative amplitude of the 'fast' component without VESICLES) plotted against the ratios of VESICLE/TMV or VESICLE/TMV-S-ANG', as in Fig. 2 . The model that was developed to interpret these findings had to take into account that the intensity of the light scattered by a particle is proportional to the square of the particle volume. Therefore the intensity of a system consisting of one vesicle and several virus particles increases as soon as the virus particles become bound to the vesicle. Equations (4) and (5) were assumed to describe adequately the situations of 'no binding' and 'binding', respectively:
Therein is the ratio of the intensity produced by one 'free' VESICLE to that of one 'free' TMV or TMV-S-ANG' particle, y is the ratio of intensities of bound to free virus particles, r the number of virus particles bound per vesicle, and <Nv> and <Nt> the number of vesicles and viruses, respectively, within the scattering volume.
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With the help of the ratio <Nv> / <Nt> at the point B3/B3 = 0.5 (determined from the concentrations at that point of the TMV titration curve of Fig. 2) , was approximated (4180 in this, and 6640 in another example). Insertion of this value into (5) and similar treatment yielded an approximation for r. An estimate of y was obtained from and r. The average number of TMV-S-ANG' bound per VESICLE, r, was found to be in the order of 30 (31 and 28 for the two experiments, respectively). The fact that aged TMV-S-ANG' has a somewhat larger D than VESICLES proved to be very fortunate. With VESICLES that had lost most of their binding capacity, the values remained always between 550 and 600 s1 if TMV-S-ANG' was admixed. However, with viable, angiotensin Il-binding VESICLES the results shown in Fig. 3 were obtained. The distinct minimum indicates the appearance of more slowly relaxing particles, such as a VESICLE/TMV--S-ANG' complex. After saturation of the binding sites, D begins to rise again as a result of the excess TMV-S-ANG'. The ratio of particles at the minimum gives an ida of the mean number, r, of TMV-S-ANG' bound per VESICLE if it is assumed that binding is saturable and virtually irreversible. In this case, r = 8.
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Hormone-receptor interactions 835 DISCUSSION The strong, selective binding of a TMV/angiotensin II conjugate to bovine adrenal cortex membrane vesicles containing angiotensin II binding sites that had been observed earlier by density gradient centrifugation and electron microscopy (Ref. 3) has been confirmed by dynamic light scattering and signal-averaging transient electric birefringence. The polydispersity of the systems and the fact that vesicles depolarize the light and actually show a Kerr effect caused difficulties. These were overcome by developing a model for depolarized light scattering that takes into account the intensity increase caused by the binding of a virus particle to a vesicle. With transient electric birefringence, the appearance of components with longer relaxation times were observed directly. The results indicate that on the average 10 -30 TMV/angiotensin II conjugate particles are strongly bound per vesicle; the binding is much less with unsubstituted TMV or with aged vesicles that have lost their binding capacity for angiotensin II. These results suggest that the binding is caused by membrane components that are specific for angiotensin (receptors? other binding sites?) and do not contradict the idea of the interaction being due to cooperative affinity. The results are still semiquantitative and could be made more accurate by decreasing the polydispersity of the systems.
